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HEAT-TRANSFER MEASUREMENTS AT A MACH NUMBER OF 8 

IN THE VICINITY OF A 90° INTERIOR CORNER 

ALINED WITH THE FREE-STREAM VELOCITY 

By P. Calvin Stairiback 
Langley Research Center 


SUMMARY 


An experimental investigation was conducted to determine the influence of 
the interaction of the flow field with the boundary layer on the heat transfer 
in the vicinity of an interior corner formed by the normal intersection of two 
planes when the line of intersection was alined with the free-stream velocity. 
The investigation was made at a nominal Mach number of 8, and the ..nominal unit 
Reynolds number per foot was varied from 0.25 x 10° to 10.07 x 10°. 

The results indicated that the peak heating rate in the vicinity of the 
corner could be about 1.5 times the undisturbed flat-plate value outside the 
mutual boundary- layer interaction region. This high heating rate was attributed 
to the mutual interaction of the inviscid flow field with the boundary layer. 
Within the mutual boundary-layer interaction region a decrease in the heating 
rate was observed, and this result was in qualitative agreement with theoretical 
results . 


INTRODUCTION 


The flow of a fluid in the vicinity of an interior corner formed by two 
intersecting plates has received considerable theoretical and experimental 
attention in recent years since this simple geometric configuration can be 
expected to simulate adequately some of the major phenomena encountered on more 
complex junctions found in fluid machines, aircraft, and high-performance 
spacecraft. 

Most of the theoretical investigations have been limited to the study of 
the boundary layer in the immediate vicinity of the corner. (See, for example, 
refs. 1 to 11.) This flow regime is designated herein as the near-comer vis- 
cous interaction region or simply the near-corner region. Until recently, most 
of the experimental investigations were limited to the study of the inviscid 
flow field and its ultimate interaction with the boundary layer outside the 
near-comer region (refs. 12 to 15). This region is designated herein as the 
far-comer interaction region. A theoretical study of the inviscid far-coraer 



interaction region can be found in reference 1 6 and an experimental study of the 
viscous near -corner region in reference 17 • Recently, exper ime ntal studies con- 
ducted at a Mach number of 1 6 provided heat-transfer and pressure data in both 
the near and far interaction regions (refs. 18 and 19 ). 

The present paper presents heat-transfer and flow-visualization data taken 
in both the near-corner and fax-corner interaction regions at a Mach numb er of 

8.00 and a range of Reynolds number per foot from 0.23 x 10^ to 10.07 X 10^. 

The present data are presented in somewhat more detail than the heat-transfer 
data of references l8 and 19 and because of the difference in the free-stream 
Mach number and should serve to supplement the data of these references. 

SYMB0IS 

c = 17^ 

B - [ N stj^) e /c 

h aerodynamic heat-transfer coefficient, Btu/sec-ft^-°R 

Moo free-stream Mach number 

Stanton number based on free-stream conditions 
p pressure 

q_ aerodynamic heat-transfer rate, Btu/sec-ft 2 

R -unit Reynolds number (per foot) based on free-stream conditions 

R x Reynolds number based on free-stream conditions and distance from 

leading edge 

T t emp e rat ur e 

x distance from leading edge of model 

y, z coordinate distances from corner of model 

5 interaction boundary-layer thickness 

Subscripts: 

e effective flat-plate value 

t stagnation conditions 

w wall condition 
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DESCRIPTION OF MODEL 


The corner heat-transfer model was machined from a single piece of 17-4 PH 
stainless -steel bar stock. Its overall dimensions were 4.50 by 4.50 by 11 inches. 
(See fig. 1 for details.) The sides which formed the corner were 0.50 inch thick 
and these produced a corner with an inside dimension of 4.00 inches in the ver- 
tical and transverse directions. The model was instrumented from 0.050 inch to 
2.00 inches from the corner and 0.50 inch to 9*75 inches from the leading edge. 

The leading-edge thickness was approximately 0.002 inch. 

The thermocouple stations were formed by machining 0. 50- inch transverse 
slots 2.50 inches long in the reverse side of the model to produce a skin thick- 
ness 0.015 inch. Near the leading edge, where the 0.50-inch slots would have 
overlapped, a large cavity was machined to receive the thermocouples. All 
cavities were shielded from the flow by the support system or by cover plates. 

At the corner two milling operations, 90° apart, were made at each longi- 
tudinal station in order to form a corner with 0.015- inch- thick walls . (See 
fig. 1.) As a result of this method of machining, an excess mass 0.015 by 
0.015 inch was formed opposite the line of intersection of the planes forming 
the corner. This mass received no direct aerodynamic heating from the model 
surface; the heat stored in this mass was received from adjacent metal by con- 
duction. In an attempt to reduce this conduction, the inside corner of this 
mass was chamfered 0.015 inch by 45°. Thermocouples were located on the cham- 
fered surface and were used to monitor the conduction effects of the excess mass 
on the thermocouples located 0.05 inch from the corner. The elementary analysis 
of reference 13 indicated that the effect of the excess mass on the heating rate 
determined by the thermocouples 0.05 inch from the corner was less than 4 per- 
cent. This possible error was not taken into account in reducing the present 
data . 


A total of 80 iron-constantan thermocouples (0.010 inch in diameter) were 
installed in the model. The thermocouple junctions were made by spot welding 
individual thermocouple wires on the reverse side of the model skin. The 
coordinates of the thermocouple stations are given in the following table: 


y, in. 

0.05 

.15 

•35 

.60 

1.00 

1.50 

2.00 


x, in. 


V 









►0.50 

0.75 

1.00 

1.50 

2.25 

3.25 

4.50 

6.00 

7.75 
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A second model was made similar to the heat-transfer model and was used 
for the temperature -sensitive -paint and oil-flow investigation. This model was 
covered with plastic and fiber glass, except in the vicinity of the leading 
edge, to provide an insulating surface desirable for use with the temperature- 
sensitive-paint investigation. 

In order to obtain shadowgraphs of the shock inside the corner, a third 
model was constructed of steel; and a flat, front- surfaced mirror was set into 
the vertical side an inch from the leading edge. With this model it was pos- 
sible to obtain double pass shadowgraphs of the shock generated by the trans- 
verse side of the model. 


TEST PROCEDURE AND DATA REDUCTION 


Testing of the corner model was conducted at the Langley Mach 8 variable- 
density tunnel. This tunnel is of the blowdown type and has an axially symmetric 
nozzle with contoured walls. The average test-section Mach number variation with 
stagnation pressure is presented in figure 2. The Mach numbers used to reduce 
the present data were obtained from an earlier partial calibration of the tunnel 
and except for the low stagnation pressure, where the earlier calibration curves 
were extrapolated, the results of the two calibrating curves were essentially 
the same. 

The test-section unit Reynolds number per foot ranged from 0.23 x 10^ to 
10.07 x 10^ for the heat-transfer tests; from 0 .56 x 10° to 3-15 x 10^ for the 
shadowgraph tests; and for the oil-flow and temperature-sensitive-paint inves- 
tigation the Reynolds number per foot was 1.77 x 10^. 

The heat-transfer data were obtained by the transient-heating technique. 

This technique provided for the establishment of steady flow in the test section 
with the model outside the tunnel; after steady operation had been obtained the 
model was inserted into the test section. The model was removed from the test 
section after about 4 seconds and was brought to isothermal conditions at approx- 
imately room temperature. The transient-heating times required to move the model 
through the tunnel boundary layer was about 0.05 second, and care was taken to 
eliminate this effect on measured temperature during data reduction. 

The heat-transfer data were obtained by recording the temperature-time 
history of the model on magnetic tape with a digital data recorder. The tempera- 
ture data were reduced to heating rates and Stanton number on a digital computing 
machine. (See ref. 20 for the details of data reduction.) 

The temperature-sensitive-paint, oil-flow, and shadowgraph tests were sim- 
ilar to the heat-transfer tests. The temperature -sensitive-paint model is shown 
mounted on the test-section injection mechanism in the retracted position in 
figure 3* 
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The temperature-sensitive paint has the characteristic that the paint 
changes color as its temperature is increased. The paint used vas a f cur-color - 
change type; however , only one color change was experienced during the present 
tests. This color change occurred from pink:, the original color, to blue. A 
more detailed description of this paint and testing technique can be found in 
reference 21. 


DISCUSSION OF RESULTS 


The heat-transfer data in the form of Stanton number are presented in fig- 
ure 4 as a function of Reynolds number for various unit Reynolds numbers and 
distances from the corner. The data are presented in tabular form in table I. 
Theoretical low-speed laminar (ref. 22) and turbulent (ref. 23) flat-plate 
heating curves are included in the figure for comparison with the present data. 
For reference, the leading-edge boundary-layer induced shock location, obtained 
from the shadowgraph results presented in figure 5> is also included in the fig- 
ure. In figure 5 (a) the shock location is indicated by its reflection from the 
mirror which is set into the vertical side of the model. Also presented in fig- 
ure 5(h) are plots of shock locations for various unit Reynolds numbers. Some 
of these curves were obtained by extrapolating the measured data. It should be 
noted that the Reynolds number based on the shock distance from the leading 
edge Is outside the Reynolds number range shown in some of the plots in figure 4. 

At y = 2.00 and 1.50 inches, the Stanton number (fig. 4) agrees quite well 
with the theoretical laminar values except for R x > 4 x 10° where the disagree- 
ment can be attributed to transitional or turbulent flow. Although the shock 
crosses the y = 1.50 location ahead of the last thermocouple, there is little 
If any indication of this disturbance on the heating rate except for the afore- 
mentioned transition which will be discussed subsequently. As y is decreased 
to 1.00 inch there is some Indication of an increase in the Stanton number 
behind the shock. This phenomenon is most evident at the lower unit Reynolds 
numbers. A further decrease in y to 0.60 Inch reveals a pronounced increase 
in heating behind the shock and this increase is evident as y is decreased to 
0.05 inch. At y = 0.05 inch the Stanton number is substantially less than the 
theoretical laminar value for large values of x. This decrease can be attrib- 
uted to the mutual interaction of the boundary layers in the vicinity of the 
corner, a result in agreement with the near-corner interaction theories. 

The regions with heating rates higher than the undisturbed laminar values 
are located in the far interaction regions and result from the mutual interaction 
of the two inviscid flow fields associated with the two plates forming the corner 
and their ultimate interaction with the boundary layer. The maximum value of 
this increased heating is about 1.5 to 2.0 times the theoretical laminar value 
and occurs at about 0*35 inch from the corner. 

The area where the Increase in heating occurs is well downstream of the 
projected shock location. This result can be seen from figure 4 and also from 
figure 6. This latter figure presents the temperature-sensitive-paint results. 
The dark areas (blue) represent regions with higher heating rates than the 
light areas (pink) . The shock position has been superimposed on the photograph 
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and the high heating region is located downstream of the shock. This condition 
is more evident at large distances from the leading edge as a result of the 
"conical like" disturbances which originate at the leading edge of the comer. 

It is interesting to note from figure 4 that if data were available only- 
over a limited Reynolds number range, the increase in heating might erroneously 
be attributed to transition. However, for sufficiently large values of the 
Reynolds number the heating rate downstream of the peak heating region tends to 
decrease toward the laminar value. In fact, a comparison of the transition data 
at R x = 10.07 X 10^ (per foot) for decreasing values of y from 2.00 to 
0.05 inch indicates that the corner flow which causes the increased heating 
tends to suppress transition. 

There is a slight indication that the heating rate in the immediate vicinity 
of the shock is reduced below the undisturbed value. This phenomenon can be seen 

a little clearer when the parameter N s ^ /r^ is plotted as a function of x. 

Such a plot is presented in figure 7 for y = 1.50 inches, 0.60 inch, and 
0.35 inch. If the data for y = 1.50 inches are assumed to represent the undis- 
turbed flow over the model and a curve is faired through the data for all values 
of y, then a slight reduction in the heating rate in the vicinity of the shock 
can be discerned. This result suggests the possibility that the shock tends to 
produce an incipient boundary-layer-separation condition with its attendant 
thickening of the boundary layer. 

In reference 11 the reduction in the heating rate within the mutual 
boundary-layer interaction region was found to vary linearly with distance from 
the comer. This variation can be expressed as 


JL 

<3e 



(0 = y = 5) ( 1 ) 


If the definition of the aerodynamic-heat-transfer coefficient is used and the 
wall is assumed to be isothermal, equation (l) can be expressed as follows: 


-£-=£ (O^y^S) (2) 

he 5 

This equation can be given in terms of the Stanton number and Reynolds number, 
based on free-stream conditions, as 

JktJK. = ar (0 S y S 5) 

5 

The interaction boundary-layer thickness can be expressed as (ref. l) 

8 = C 

x v/rI 


(3) 


(*) 
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where C is a constant for a corner model with zero streamwise pressure gra- 
dient. Substituting equation (4) into (5) gives 

N st = E ^ v/^c (° = y = 5 ) (5) 


where B is a constant and equal to 
sure gradient is negligible. 



provided the streamwise pres- 


The heat-transfer data are presented in terms of the parameters of equa- 
tion (5) for several free-stream unit Reynolds numbers in figure 8. This figure 
indicates that the variation of the heating rate with distance from the corner 
in the interaction region is essentially linear within the limits of the present 
investigation and tends to confirm the theoretical finding of reference 11. 


For the present test conditions, the "undisturbed" conditions exterior to 
the near-corner viscous-interaction region are not the flat-plate values but 
would be the conditions between the near-corner region and the high heating 
region in the far-corner region. 


appears to be constant for all unit 


From figure 8 this value of jNg-t jR^j^ 

Reynolds numbers and has a value of about 0.475* Curves fitted to the data near 
the corner indicate that the value of B varies with unit Reynolds number and 
if " " 


[Nst 


e is assumed constant, the value of C must vary with unit 

Reynolds number. This variation is shown in figure 9, where C is determined 
by the intersection of the faired curve with the assumed constant value of 

Ijfetv/^xJe of 0.475. Values for C can also be obtained from figure 4 for 
y = 0.05 inch if it is assumed that the near-corner interaction region begins 
when the Stanton number deviates from the flat -plate -like variation that it has 
near the leading edge. Values for C calculated in this manner are also shown 
in figure 9 and the agreement in estimating C by the two methods is good. A 

curve fitted to the data indicated that C *= r 0 • 459. p OW er of the unit 

Reynolds number is nearly 0-5 and indicates that 5 is almost independent of 
unit Reynolds number and, therefore, is almost proportional to J""x. Also, the 


heat-transfer parameter Ngt Jr^ the boundary- layer interaction region 
should correlate in terms of the geometric quantity y/ In figure 10 the 

heat-transfer parameter Ng-fc ^ R x is plotted as a function of y/ J~x and shows 
that in the near-corner region the heat-transfer parameter can be correlated 
reasonably well in terms of this geometric quantity. 


That 5 is almost independent of unit Reynolds number can be seen by 
calculating 5 for R = 0.25 X 10^ and R = 10. 07 X 10^ from the values of 
C obtained from the curve in figure 9* These calculations would reveal that 
6 changes only l6 percent, whereas if C were a constant, 5 would vary by 
a factor of 6.6. 


Attempts were made to determine the reason for the relative invariance of 
& with unit Reynolds number. The variation of 5 can be influenced by the 
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boundary-layer induced pressure on the plate, which would he more effective in 
thinning the boundary layer for low unit Reynolds number than for high values. 
Reference 11 indicated that for Mach numbers greater than about 3-5 the boundary 
layer in the comer is "square,” that is, the interaction boundary layer is equal 
to the undisturbed value. From this result the undisturbed boundary-layer thick- 
ness was approximated by estimating the pressure distribution, the ratio of the 
boundary- layer thickness in a pressure gradient to the zero-pressure-gradient 
value, and the zero-pressure-gradient boundary-layer thickness from refer- 
ences 2k, 25 , and 26, respectively. The results of these calculations are shown 
in figure 9 as a crosshatched area since C varies with x for cases where a 
pressure gradient exists, (it should be noted that C for the present case 
probably varies with x for a given unit Reynolds number, but the data axe not 
sufficiently detailed to reveal this variation. ) From figure 9 it can be seen 
that for the lowest unit Reynolds numbers the measured values of C and also 
5 are about one -half the estimated undisturbed values. This result indicates 
that some other phenomenon must be responsible for reducing the extent of the 
interaction boundary layer. 

It was postulated In reference 27 that the leading edge of the comer pro- 
duced a vortex system in the vicinity of the comer. If this postulate were 
correct, the vortex could influence the extent of the near-corner region by 
altering the flow at the outer edge of the boundary layer. In order to investi- 
gate the existence of a vortex system in the vicinity of the comer, several oil- 
flow tests were conducted. These tests were performed both by coating the comer 
model completely with a mixture of oil and lamp black and by using discrete dots 
of the mixture. Results of the test at a unit Reynolds number per foot of 
1.77 x 10 ^ of the completely coated model is shown in figures ll(a) and ll(b)j 
results of the discrete-dot method are shown in figure ll(c). The two photo- 
graphs in figures ll(a) and ll(c) show the general flow pattern obtained from 
both test methods. The other (fig. 11(b)) shows a closeup of the flow pattern 
in the vicinity of the corner and leading edge. 

The flow pattern obtained from the model completely coated with the oil- 
lamp-black mixture reveals a high shear region near the leading edge in the 
vicinity of the corner. This result is in general agreement with the temperature- 
sensitive-paint results presented in figure 6 , that is, the high heating region 
revealed by the temperature-sensitive-paint results is due to the fact that the 
shear stresses in the boundary layer are higher in the region of high heat- 
transfer rate than in adjacent regions. This result could be indicative of a 
vortex system in the vicinity of the corner. 

The oil-flow results Indicate some outflow from the comer which is greater 
than the outflow that could be expected from displacement effects. This effect 
could also be indicative of a vortex system. 


CONCLUSION'S 


The experimental investigation, at a Mach number of 8 , of the flow in the 
vicinity of the corner formed by two perpendicular plates alined with the free- 
stream velocity permits the following conclusions to be stated: 
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1. A high heat- transfer region exterior to the mutual boundary-layer- 
interaction region is associated with the flow- field interaction between the two 
plates and its ultimate interactions with the boundary layer. The heating in 
this region is approximately 1.5 theoretical flat-plate value without the flow- 
field interaction. 

2. Within the mutual houndary-layer-interaction region a decrease occurs 
in the heating rate that is in qualitative agreement with rates from recent 
compressible -flow theory. 

3 . The mutual houndary-layer-interaction thickness as deduced from heat- 
transfer tests is relatively insensitive to the free-stream unit Reynolds number 
and is therefore almost proportional to Jx, where x is the distance from the 
leading edge. 

4. A slight reduction in the heating that takes place in the vicinity of 
the boundary-layer induced shock is apparently associated with a thickening of 
the boundary layer due to incipient boundary- layer- separation conditions caused 
by the shock. 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., May 13, 1964. 
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(a) R * 0.2? X 10 6 ; T t = 1105° R; 
Pt * 56-6 psia; 1 ^ = 7. 72 


TABLE I.- HEAT -TRANSFER DATA 


X, 

9, 

Btu 


in. 


OF 


sec -ft 1 d 



y * 

0.05 in 

0.50 

0.26063 

78.03 

-75 

.21610 

77-37 

1.00 

.16720 

75-97 

1.50 

. 14209 

75-97 

2.25 

.07739 

74.81 

3.25 
4 *sn 

.06237 

7*+.91 

6.00 

.02822 

74.52 

7-75 

.02109 

74.51 

9-75 

.01610 

73.67 


y - i 

1.15 in 


0.26145 

77.95 

■20379 

76.07 

.18100 

75.94 

.16122 

75-75 

.12897 

75-39 

.08811 

76.24 

.05310 

74.42 

.06102 

74.93 

.06248 

74.82 

.02458 

74.65 

y = 1 

0-35 in 


0.24719 

77- 70 

.14770 

75-39 

.14402 

75-14 

.13430 

76.19 

.14694 

75-28 

.12452 

75.06 

.10126 

75-28 

.08632 

75.25 

.06097 

75.21 


y * 0.60 in. 


0.27347 

76.65 

.20382 

75-90 

.16001 

76.64 

.13992 

75-20 

.11761 

75-75 

.08499 

75-55 

.09469 

76.00 

.09951 

75.45 

.09968 

74.98 

. 10528 

74.79 


y = 1.00 in. 


0.25799 

77.83 

.18498 

75.99 

.14842 

76.57 

.12642 

75.21 

.09445 

76.02 

.07797 

75-39 

.05780 

74.64 

.06430 

75-08 

.06896 

75-71 

.06164 

75-31 


y * 

1.50 in 

0.25564 

76.07 

.20065 

75.47 

.15915 

75.30 

.15420 

74-96 

■10557 

7^.72 

.07555 

75.09 

.06094 

74.69 

.05295 

74.86 

.05515 

74.72 

.05006 

74.64 

y * i 

2.00 in. 

0.25476 

78.25 

.18046 

77-33 

.16406 

77-14 

.13503 

75.30 

.10346 

74.92 

.08289 

74.81 

.06316 

75-38 

.06029 

74.73 

.05413 

75.03 

.05300 

74.79 


0.00059 

.00049 

.00038 

.00032 

.00017 

.00014 

.00006 

.00005 

.00004 


0.00059 

,ooo46 

.00041 

.00036 

.00029 

.00020 

.00012 

.00014 

.00014 

.00006 


O.OOO56 


.00033 


.00033 

.00028 

.00022 

.00019 

.00014 


0.00062 

.00046 

.00036 


.00019 
. 00022 
.00022 
.00022 
.00023 


0.00058 

.00042 

.00033 

.00028 

.00021 

.00018 

.00013 

.00014 

.00015 

.00001 


0.00058 
. 00045 
.00036 
.00034 
.00023 
.00017 

.00014 

.00012 

-00012 

.00011 


0.00058 

.00041 

.00037 

.00030 

.00023 

.00019 

.00014 

.00014 

.00012 

.00012 


(b) R «= 0.42 X lO 6 ; T t = 1200° r. ( c ) R = 0.5 6 x 10 6 ; T t * 12850 r. (d) R » O.96 X 10 6 ; T 1 
p t a 73.2 psia; a 7.74 p t = 122 psia; = 7-765 P t *= 211 psia; 


x, 

in. 

q, 

Btu 

Tw-> 

h, 

Btu 


X, 

in. 

q, 

Btu 


h, 

Btu 


x, 

in. 

q, 

Btu 

Tv, 

sec -ft 2 

op 

sec-ft 2 -°F 


sec -ft 2 

°F 

sec-ft 2 -°F 


sec-ft 2 

of 


y * 

0.05 in. 



y * 

0.05 in. 



y = 

0.05 in 

0.50 

0.44911 

78.67 

O.OOO85 


0.50 

0.64086 

89.06 

0.00109 


0.50 

0.89662 

88.19 

•75 

.35987 

80.08 

.00068 


• 75 

. 54181 

87.29 

.00092 


•75 

•71146 

86.77 

1.00 

.29034 

79-28 

.00055 


1.00 

.45629 

85.77 

.00077 


1.00 

. 56021 

85.42 

1-50 

.23508 

77-88 

.00045 


1.50 

.36137 

83-90 

.00061 


1.50 

.44630 

84.10 

2.25 

.14943 

76.20 

.00029 


2.25 

.20423 

82.83 

.00035 


2.25 

.15408 

83.57 

3-25 

.11037 

75-12 

.00021 


3-25 

.14413 

82.26 

.00024 


3-25 

.16600 

83.OO 

4.50 





4.50 


— 



4.50 

.01158 

73.28 

6.00 

.05085 

74.98 

.00010 


6.00 

.07022 

83-32 

.00012 


6.00 

.07297 

82.76 

7.75 

.03985 

74.65 

.00008 


7-75 

.04412 

83-44 

.00007 


7-75 

.01388 

83.30 

9-75 

.36777 

75.54 

.00028 


9-75 

.03602 

82.97 

.00006 


9-75 

.01550 

82.75 


y = 

0.15 in. 



y = 

0.15 in. 



y = 

0.15 in 

0.50 

0.45093 

77.95 

0.00086 


0.50 

0.59579 

89.61 

0.00101 


0.50 

0.76446 

88.89 

-75 

.36868 

79.71 

.00070 


-75 

.51599 

87.81 

.00087 


• 75 

.62074 

87.49 

1.00 

• 31417 

77.16 

.00060 


1.00 

. 42425 

89-25 

. 00072 


1.00 

■54628 

86.35 

1.50 

.27388 

78.82 

.00052 


1.50 

■59649 

88.49 

.00067 


1.50 

.61971 

85.80 

2.25 

.22554 

76.85 

.00042 


2.25 

•33427 

85-13 

.00056 


2.25 

.47143 

05-48 

3.25 

. 18249 

76.74 

.00035 


3.25 

.26902 

84.78 

.00046 


3-25 

.09272 

85-31 

4.50 

.09576 

75-46 

.00018 


4.50 

. 14297 

85-59 

.00024 


4.50 

•56753 

86.28 

6.00 

.10694 

75-35 

. 00020 


6.00 

. 14994 

85.ll 

.00026 


6.00 

.20079 

83.83 

7-75 

.07799 

74.97 

.00015 


7.75 

. 15182 

84.83 

.00026 


7-75 

.17441 

84.88 

9-75 

.07692 

75.32 

.00013 


9.75 

.10382 

85.85 

.00018 


9-75 

.11276 

85.86 


y * 

0.35 in 




y * 

0.35 in 




y = 

0.35 in 

O.50 

0.43956 

77.83 

O.OOO83 


0.50 

0.62005 

90.01 

0.00106 


0.50 

0.73740 

89.62 

-75 





.75 

.44326 

88.08 

.00075 


.75 

.51874 

88.13 

1.00 

.25323 

76.43 

.00048 


1.00 

.34627 

86.63 

.00059 


1.00 

.46248 

86.94 

1.50 

.23762 

77.43 

.00045 


1.50 

.33887 

85.10 

.00057 


1.50 

■39597 

85.68 

2.25 

.22603 

76.09 

.00042 


2.25 

.30401 

85.19 

.00051 


2.25 

■ 37127 

85.86 

3.25 

.21759 

76.00 

.00041 


3.25 

.30177 

87.47 

.00051 


3.25 

.38912 

85.98 

4.50 

.20315 

77.32 

.00038 


4.50 

.30495 

86.17 

.00051 


4.50 

- 37661 

86.09 

6.00 

. 18766 

77-17 

.00032 


6.00 

.26586 

88.57 

.00045 


6.00 

.36806 

86.21 

7-75 

.13878 

75.96 

.00026 


7-75 

.26863 

86.91 

.00045 


7-75 

■ 33656 

86.77 

9-75 

.12240 

75-17 

.00023 


9-75 

.20635 

87-^ 

.00035 


9-75 

. 27649 

87.91 


y = 

0.60 in 




y = 

0.60 in. 



y = 

0.60 in 

0.50 

0.45138 

78.42 

0.00086 


0.50 

0.63261 

91-56 

0.00108 


0.50 

0.77748 

91.19 

• 75 

.36107 

79-38 

.OOO69 


■ 75 

.50099 

89.54 

.00085 


-75 

.60935 

89.67 

1.00 

.28200 

78.32 

.00053 


1.00 

.40584 

89.89 

.00069 


1.00 

.47864 

87.93 

1.50 

.22271 

77-25 

.00042 


1.50 

.31966 

85.39 

.00054 


1.50 

.59685 

86.17 

2.25 

.16561 

75-34 

.00031 


2.25 

.22179 

84.77 

.00037 


2.25 

-30247 

85.97 

3-25 

.14618 

74.93 

.00028 


3-25 

.18411 

84.67 

.00031 


3.25 

.33988 

85.68 

4.50 

.15917 

76.52 

.00030 


4.50 

. 21520 

85.63 

.00036 


4.50 

. 26072 

85-95 

6. 00 

.15710 

76.87 

.00032 


6.00 

.22681 

86.74 

.00038 


6.00 

.28730 

86.80 

7-75 

.17137 

74.95 

.00032 


7-75 

■23147 

87-36 

.00039 


7-75 I 

. 27761 

87.26 

9-75 

.16249 

75-10 

.00031 


9-75 

.19778 

89.76 

.00034 


9-75 

.26705 . 

88.34 


y = ■ 

1.00 in 




y - • 

1.00 in 




y * ■ 

1.00 in. 

O.50 

0.41207 

77-99 

0.00078 


0.50 

0.60323 

91.93 

0.00103 


0.50 

0.73763 

91.82 

• 75 

. 33251 

79-27 

.OOO63 


-75 

.45616 

89-76 

.00078 


• 75 

•57505 

89.98 

l.oo 

.27406 

76.61 

. 00052 


1.00 

.40965 

88.15 

.00069 


1.00 

.49932 

88.76 

1.50 

.20671 

77-29 

.00039 


1.50 

.33968 

88.61 

.00058 


1.50 

. 02166 

86.20 

2.25 

.17686 

76.91 

.00054 


2.25 

. 25272 

85.93 

. 00042 


2.25 

. 31941 

87.32 

3-25 

.13442 

75-64 

.00025 


3-25 

. 20050 

86.76 

.00034 


3.25 

. 26219 

86.84 

4.50 

.1065 4 

75.13 

.00020 


4.50 

.16310 

87.34 

.00027 


4.50 

.21387 

07-04 

6.00 

.10217 

74.61 

.00018 


6.00 

.14234 

87.52 

.00024 


6.00 

. 01454 

86.12 

7.75 

.11419 

75-6? 

.00022 


7-75 

.15722 

88.57 

.00027 


7.75 

.01437 

87.21 

9-75 

.09945 

74.96 

.00019 


9-75 

.16828 

89.59 

.00028 


9-75 

.17358 

88.82 


y a 1.50 in 




y « 1.50 in 



y a 1.50 in. 

0.50 

0.42254 

77-80 

0.00080 


O.50 

0.60534 

92.28 

0.00103 


0.50 

0-75748 

92.15 

• 75 

.33488 

76.82 

.00063 


• 75 

.47459 

93-19 

.00081 


•75 

.61134 

90.69 

1.00 

.27941 

76.38 

.00053 


1.00 

.41340 

88.43 

.00070 


1.00 

.50156 

89.16 

1.50 

.20362 

76.79 

.00038 


1.50 

.31799 

87.18 

.00054 


1.50 

.44052 

88.35 

2.25 

.18393 

75-03 

.00035 


2.25 

.26288 

88.55 

.00044 


2.25 

. 32252 

88.12 

3.25 

.14434 

75.20 

.00027 


3.25 

.22308 

87-95 

.00037 


3.25 

. 27247 

87.88 

4.50 

.11270 

75.05 

.00021 


4.50 

.15250 

86.99 

.00026 


4.50 

.21578 

07.92 

6.00 

.08984 

74.40 

.00017 


6.00 

.13071 

88.59 

.00022 


6.00 

.19222 

88.13 

7-75 

.09649 

74.69 

.00018 


7.75 

.10939 

88.71 

.00019 


7-75 

.16917 

80.27 

9-75 

.08765 

75.13 

.00017 


9-75 

.11633 

90.26 

.00019 


9-75 

.13265 

89-85 


y a 2.00 in 




y a 2.00 in 



y * 2.00 in. 

0.50 

0.44479 

78-37 

O.OOO85 


0.50 

0.57875 

97-48 

0.00099 


0.50 

O.77322 

92.38 

• 75 

. 35454 

77-33 

.OOO67 


■ 75 

.47811 

94-96 

.00082 


•75 

.61822 

91-23 

1.00 

.29029 

77.08 

.00055 


1.00 

.40304 

93-32 

.00069 


1.00 

>53411 

90.45 

1.50 

.20770 

77.81 

.00039 


1.50 

.31024 

91.19 

.00053 


1.50 

.43914 

89.52 

2.25 

.17947 

74.94 

.00054 


2.25 

.26741 

89.13 

.00046 


2.25 

•34565 

88.55 

3-25 

.15138 

75-13 

.00029 


3.25 

•21939 

.17804 

88.57 

.00037 


5.25 

.28786 

88.23 

4.50 

.12017 

74.83 

.00023 


4.50 

87.63 

.00030 


4.50 

.02800 

87.38 

6.00 

.10064 

74.04 

.00019 


6.00 

.13790 

89.80 

.00023 


6.00 

.18307 

89-04 

7-75 

.08795 

74.36 

.00017 


7.75 

.12439 

89.73 

.00021 


7.75 

.16779 

89.28 

9.75 

.07858 

75.02 

.00015 


9.75 

.12321 

90.08 

.00021 


9.75 

.13260 

90.46 


- = 1320° R; 
“= 7-81 

4 , 

Btu 

sec-ft 2 -°F 


0.00146 

.00115 

.00091 

.00072 

.00043 

.00027 

.00002 

.00012 

.00002 

.00002 


0.00124 

.00101 

.00089 

.00100 

.00076 

.00061 

.00092 

.00033 

.00028 

.00187 


0.00120 

•00084 

.00075 

.00064 

.00060 
.00071 
.00061 
.00060 
. 00055 

.00045 


0.00127 

.00099 

.00078 

.00064 

.00049 

.00039 

.00042 

.00046 

.00045 

.00044 


0. 00121 
.00094 
. 00081 
. 00004 

.00052 

.00043 

.00034 

.00002 

.00002 

.00028 


0.00124 

.00100 

.00082 

.00071 

.00053 

.00044 

.00035 

.00031 

.00028 

.00022 


0.00126 

.00101 

.00087 

.00071 

.00056 

.00047 

.00004 

.00030 

.00027 

.00022 


12 



TABLE I.- HEAT -TRANSFER DATA - Concluded. 


(e) R « 1.77 x 106; T t - 1358° R; 
Pt = 595 psla; Ho = 7.87 



q* 


h. 

X, 

Btu 

T w , 

Btu 

in. 

sec -ft 2 

op 

sec-ft 2 -°F 


y - 

0.05 in. 


0.50 

1.18067 

96.18 

0.00184 

•75 

.92570 

99-14 

. 00145 

1.00 

•79925 

91.62 

.00124 

1.50 

.66764 

89.64 

.00103 

2.25 

.42450 

90.85 

.00066 

3.25 

4.50 

6.00 

.32436 

88.37 

.00495 

■16529 

86.38 

.00256 

7-75 

.13060 

86.37 

.00020 

9-75 

.06981 

84.85 

.00010 


y = 

0.15 in. 


0.50 

1.11039 

95.08 

0.00173 

• 75 

.86229 

92.64 

.00133 

1.00 

. 76050 

91.19 

.00117 

1.50 

.77347 

91.24 

.00119 

2.25 

.59261 

90.43 

. 00918 

3.25 

.45180 

92.40 

.00070 

4.50 

.28290 

89.85 

.00432 

6.00 

. 28727 

87.35 

.oo44o 

7-75 

.25451 

87.72 

.00039 

9-75 

.19271 

89.78 

.00299 


y f 

0.35 in. 


0.50 

1.06218 

95.72 

0.00165 

• 75 

.76616 

92-77 

.00119 

1.00 

.63644 

91-14 

.00098 

i.50 

.57922 

89.71 

.00089 

2.25 

.51449 

90.13 

.00797 

3.25 

.50652 

93.39 

.00784 

4.50 

.43431 

93.96 

.00720 

6.00 

.46441 

89.96 

. 00720 

7-75 

.41630 

92.24 

.00064 

9-75 

.33050 

92.80 

.00513 


y = 

0.60 in. 


0.50 

1.13061 

104.40 

0.00178 

• 75 

.92766 

100.28 

.00145 

1.00 

.68331 

96-73 

.00106 

1.50 

.58871 

90.39 

.00091 

2.25 

.42917 

92.54 

.00067 

3.25 

.34972 

90.94 

.00054 

4.50 

•35149 

92.ll 

.00054 

6.00 

.38130 

92.90 

.00059 

7-75 

.39842 

92.20 

.00062 

9-75 j 

.34662 

90.86 

.00053 


y = 

1.00 in. 


0.50 

1.05975 

104.28 

O.OOI67 

• 75 

.82727 

100.24 

.00129 

1.00 

•69375 

93.38 

. 00108 

I.50 

.59662 

91-93 

.00092 

2.25 

.45993 

91.25 

.00071 

3-25 

•33137 

92.26 

.00051 

4.50 

.27781 

89.86 

.00043 

6.00 

.25982 

91.29 

.00040 

7-75 

.26815 

89.97 

.00041 

9-75 

.27033 

92.66 

.ooo4o 


y - 

1.50 in. 


0.50 

1.04059 

98.20 ' 

0.00016 

• 75 

.87012 

95-96 

.00136 

1.00 

.72503 

93.91 

.00113 

1.50 

•53253 

95-86 

.00083 

2.25 

.46540 

92.34 

.00072 

3.25 

.39026 

91-29 

.00061 

4.50 

.30356 

91.01 

.00047 

6.00 

.25190 

92.71 

.00039 

7-75 

.23033 

91.60 

.00036 

9-75 

.■20916 

91.72 ! 

.00033 


y - : 

2.00 in. 


O.50 

1.08857 

100.57 

0.00170 

• 75 

.88174 

98.28 

.00138 

1.00 

-75516 

96.83 

.00118 

1.50 

.60542 

95-20 

.00094 

2.25 

.49020 

.44313 

96.18 

.00077 

3-25 

91.71 

.00069 

4.50 

.31252 

93.76 

.00049 

6.00 

.27471 

91.64 

.00042 

7.75 

.24804 

91-33 

.00038 

9.75 

.22102 

92.41 

.00034 


(f) R =1 3.15 x 10 6; T t » 1392 ° R; 
Pt = 725 psla; H, = 7.93 


X, 

in. 

q, 

Btu 

T v> 

op 

h, 

Btu 

sec -ft 2 

sec-ft 2 -°F 


y - 

0.05 in. 


0.50 

1.68851 

113.24 

0.00255 

■75 

1.38643 

98.39 

.00205 

1.00 

1.18824 

96.05 

. 00175 

1.50 

.97563 

93.56 

. 00143 

2.25 

.59972 

90.86 

.OOO87 

3.25 

4 ‘iO 

.45875 

91.60 

.OOO67 

6.00 

.24408 

88.72 

.00035 

7-75 

. 20317 

88.77 

.00030 

9-75 

.09795 

86.26 

.00013 


y = 

0.15 in. 


0.50 

1.64696 

110.93 

0. 00248 

.75 

1.27170 

97-10 

.00188 

1.00 

1.10138 

95.32 

.00162 

1.50 

.99801 

102.61 

.00148 

2.25 

.66884 

97-48 

.00099 

3.25 

.71191 

92-95 

.00105 

4.50 

.40036 

90.20 

.00058 

6.00 

.38951 

93-25 

.00057 

7.75 

.37873 

90.02 

.00055 

9.75 

.28081 

92.68 

.00041 


y - 

0.35 in. 


0.50 

1.56191 

HO.70 

0. 00235 

.75 

1.15364 

103.44 

. 00172 

1.00 

.91613 

94.58 

. OOI35 

1.50 

.79839 

98.08 

.00118 

2.25 

.73859 

99-35 

.00109 

3.25 

■ 73364 

98.98 

.00108 

4.50 

.66078 

99.63 

.00098 

6.00 

.64750 

93-63 

.00095 

7.75 

.56551 

96.ll 

.00083 

9.75 

.45810 

96.54 

.OOO67 


y = 

0.60 in. 


0.50 

1.60334 

113.19 

0.00242 

.75 

1.34594 

107.25 

.00201 

1.00 

1.03916 : 

96.37 

.00153 

1.50 

.85168 

94.11 

.00125 

2.25 

.60915 

97-39 

.00090 

5.25 

.52891 

94.95 

.00077 

4.50 

•53356 

92.72 

.00078 

6.00 

.56952 ; 

93-40 

.00083 

7.75 

.53610 . 

96.02 

.00079 

9.75 

.48059 s 

93.74 

.00071 


y = 

1.00 in. 


0.50 

1.52225 

112.57 

0.00230 

.75 

1. 21682 

99.49 

.00180 

1.00 

1. 02053 

97.45 

.00151 

1.50 

.88564 

95.76 

.00130 

2.25 

.68159 

94.97 

.00100 

3.25 

.52344 

96.42 

.00077 

4.50 

.41524 

96.06 

.00061 

6.00 

.38313 

91-92 
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L-6h-309h 

Figure 3 . - Temperature-sensitive-paint corner model on test-section injection mechanism. 
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Figure 4 .- Stanton number variation along model for various distances from the corner. 
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Figure 4.- Continued 





R - 0.23 x 10 c 


R • 0 42 * ID 0 



(f) y = 0.15 in. 
Figure Ik- Continued 


















(c) y = 0.35 in. 


Figure 7 *- Concluded. 
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(b) B = 0A2 x 10 ^. 
Figure 8.- Continued. 
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(c) R = 0.56 X 10 6 . 
Figure 8.- Continued. 
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(a) b = 0.96 X 1 O 6 . 

Figure 8.- Continued. 
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Figure 10. - Correlation of heat-transfer parameter in mutual-boundary- layer -interaction region 

y 0.05 in. 









(b) Closeup of completely coated technique. L-6^-3098 

Figure 11 .- Continued. 
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